The enigmatic drug binding site for sodium channel inhibitors.
Local anesthetics have been in clinical use since 1884, and different aspects of the local anesthetic binding site have been studied in enormous detail. In spite of all these efforts, some of the most fundamental questions--such as which exact residues constitute the binding site, how many binding sites exist, do local anesthetics share their binding site(s) with other sodium channel inhibitors, and what are the mechanisms of inhibition--are still largely unanswered. We review accumulated data on the "local anesthetic receptor"and discuss controversial points, such as possible mechanisms of inhibition, the possibility of additional binding sites, the orientation of S6 helices, and the internal vs. external position of the anticonvulsant binding site. We describe the four following specific groups of functionally important residues: i) conserved asparagines six residues below the hinge residues; we propose that they are oriented toward the external surface of S6 helices, and have a critical role in the coupling of voltage sensors to gating, ii) residues lining the inner vestibule and constructing the "orthodox" binding site, iii) residues around the outer vestibule, which have been proposed to constitute an alternative external binding site, and iv) residues determining external access for quaternary amine inhibitors, such as QX314. We conclude that sodium channel inhibitors must be heterogenous in terms of binding sites and inhibition mechanisms, and propose that this heterogeneity should be taken into consideration during drug development.